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A FIVE-DIGIT SOLID-STATE COUNTER FOR 
FREQUENCY MEASUREMENTS TO 220 kc 


Tile Type 1 loO-A Froqii(‘ncy 

Motor is tho first of a lino of iii(*xponsive, 
Inisic oonntors for lalioratory aijd in- 
ilnslrial applications. Like th(‘ Type 
1130-A I)it«;ital Time and Fro([Uoncy 
.Motor annonncod a year ago, it is aoou- 
rate, roIial)lo and easy to operate. I’nlike 
tho Type 1180-A, which has nioniory 
circuits and a noon-lube columnar read¬ 
out, tho Type 1150-A u.sos transistors 
instead of tubes and an in-line readout 
with alternate counting and display 
|x*riods. 

'rh(‘ counting circuits used are simple, 
but unconventional by today’s practice. 
Instead of a scale-of-ten di'rived from a 
seale-of-sixteen circuit through appro¬ 
priate feedback, the Type 115()-A is 
basc*d upon tho oarli(*r ring-of-ten count¬ 
ing system.' Although the ring circuits 

'S«H*. for irwtance, \ . tl, Rcgcncr, Rrrinr of Srimiifir 
Inuiruments, 17. p. ISO, 1940. 

at, W. Frank ami H, T. MoAUkt, *‘A Frctiuency C’oiintur 
with u Moiiiory an<l witli Built-in Heliubility,” Gairrnl 
Hntiio Ksttrrimfntcr. 3.5. 5, May. 19<II. 

*\ siiiiilur Bppmach, fur inittuniH.*, but UMinK 
iii**ntary iorhnif|U(>)<, is ii«*scrih«l l>y R. A. Siasior. U. K. 
Tfchriirnl lofortontion SrrieM .May HI, lOlll. 


re(|uiro ten bistable elements, instead of 
four,* wo luive found" that modern semi¬ 
conductors can l>e u.^ai in a .simple and 
economical design. Not only is the over¬ 
all nunilior of circuit components for a 
complete d(*cad(‘, including indicators, 
actually less tlian that required for the 
coded .scale-<jf-sixteen circuit, but per¬ 
formance at high counting rates is better, 
and the circuits cun Ix' de.signed to have 
tremendous latitude in accommodating 
variations in transistor characteristics. 

Transistors typically op(*rate at rela¬ 
tively low voltages and high curnmts 
and are therefore lietter suit(*d to light¬ 
ing incandescent lamps than to oper¬ 
ating ga.s-di.scharge-type indicators. The 
ring-of-ten circuit is, as a result, directly 
adaptable to the ten-lamp, end-Hre- 
illuminated numerik indicator (also 
described in this issue) without inter¬ 
connecting circuitry. Since th(‘ count 
proceeds around the ring, <jne fli|>flop 
at a time, in identical reset-set op(‘r- 
ation.s, theiv is no time lost in feedback 



Figure 1. The Type 1150-A Digital Frequency Meter. Encased in General Radio's multi-purpose cabinet,^ 
the instrument is readily mounted in a rack or adapted to table-top use with end frames. The panel is 
3'/2 inches high. The controls and fittings are simple and clearly morked. Frequencies between 10 cps 
and 220 kc can be counted over preselected time intervals from 0.1 to 10 seconds. Display times can 
be continuously odjusted from 0.5 to 5 seconds ond oo. 

•H. C. I.ittlpjuliii. “Till* f’ttiu* uf the Well-ntulcni’d Ini»Truti»*nt,** Genrrol Hntiio Ejrperipnnitrr. 34. 3. Murek lOW. 
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mechanisms, and llu* elTects of (I(‘Iays in 
the Iransisloi-s are ther(‘fnr(’ miiiimi>!(*d. 
TIkmc is, furtluM'inore, no need to inter- 
lo«‘k dc levels hetwei'ii various parts of 
lhc‘ circuit to maintain adequate margins 
f(H* H'liahility. The riiij!; circuits us('d in 
this counter are, in fact, so noncritical 
tliat they will work with intermixed 
transistors, raiijy^inj!; in cliaracteristics 
from the lowest H*ost alhw-jtmction tran¬ 
sistors to MADT types! 

The fad that incandescent lamps can 
he lit directly hy the colle»‘tor currents 
i»f the count in**: transistors lhems<‘lves 
leads to the utmost simplicity and 
economy. .\t the same time, this very 
simplicity puts a pnanium on displayinti; 
the count accordin^: t<» llu* conventional 
cr»unl-<lisplay time cycle, ratlu‘r than 
tlu* continuous n'j^ime mad<‘ f)ossil)le hy 
the usr‘ of auxiliaiy memory circuits. I"or 
ultimate eas<‘ of n^adin^ and efficiency of 
i'ountin^j;, tlu* nu‘Uiory system pione(‘red 
hy tlu* 'rvci: 11.3(1-.V Digital Time :ind 
Fre<|U(*m*y Meter remains pre-<'niinent. 
ddi(* n(*ed for memoiy in this l(*ss (*x- 
pensive instrument is less, howev<*r. Ix*- 
eaus 4 ‘ the eye is l(‘ss fatigued hy tlu* 
hlurriu”; that occurs durinji; tlu* countint^ 
intt‘rval in in-lim* pn*.<enlation than hy 
the runniuK-np-and-down appearance of 
colunmar displays. 

rive-di^it presentation ne<*essarily 
means, for a full register, a pr(*cision f)f 
zk\ part in HH*. d('termin(*d hy tlu* ±1 
count uncertainty in the last place, d'he 
'rvPK 11 .a(>-.\ Dij^iial l'n*<|U(*ncy M<*ler. 
lik(‘ otluM* (IK couut(*rs. is desi^ined to 
yield an accnra(\v (i^un* that takes full 
advantap* of its inlu'rc'nt precision. 
I']v('n in this sim])le. inexpensive instru¬ 
ment. this demands the inclusion of an 
oscillator with a stahility over several 
minutes of at least ^ j-part p<*r million. 
This accurac}^ is necessaiy hecaust* the 


counter can count a sipial of 220-kc ^ 

fr('(|uency for up to 10 s(*conds. .V tem¬ 
perature-controlled (juartz cn’stal, oper¬ 
ating at 100 kc, is th(*r(*for(* us(‘d as the 
fundamental r(*ference for the various 
timinji; sij^nals re(|uired to |)roduc(‘ tlu* 
accura((*ly known time int(*rvals during 
which the counts accumulate. 

MECHANICAL DESIGN 

'flu* mechanical design and component, 
laytail are simple and ellicient, with 
all cin*uits (*asily accr'ssihk* for mainte¬ 
nance and open for cooling (Figure 2). 

King counting units, input circuits and 
time-hase dividers are on removalili*, 
vertical plug-in cards. Thest* canis an* 
arranged at right angles to the front 
paiu*l and dir(*ctly Ix'hind a larg(* air 
fdtc'r. A small fan exp(*ls air from tlu* 

Ih»x and draws cool air in over the verti¬ 
cal circuit cards. WUh this cooling ^ 
system a maximum temperature risi* at 
tlu* hottest spot on any of the (*ircuit 
hoards is le.‘<s than 1()°(^, thereby in- 
.suring reliahle op(*ration at high amhient 
t(*mp<*ralures. 

The Nt'.MKitiK indicators (.see page 10) 
have a large and efiicient heat sink for 
their incand(‘scenl lamps, which pro¬ 
longs lam]) life. In the (‘V(‘nt of failure, 
howevi'i*. any individual lain]) can he 
ea.sily replaced, 'fhe grouj) of live 
M MKKIK indicators are acce.ssihle from 
the front panel of the instrument. A 
quart(*r turn of two mounting thuml>- 
scri'ws |)(*rmits tlu* (*ntire block of indi¬ 
cators to he pulled forward and with¬ 
drawn .sev(‘ral inch(*s. l']ight n'plac(*menl 
3.30-type lamps are stor(*d in ])()ckels 
behind the h(*z(*l. In order to replace a 
hurned-out lamp, one .simply n'luoves 
(w(j .screws holding the hacking plate of 
the indicator and re])laces the lam]) in ^ 
the numh(*r(*d .sock(*t. 'Fhe entire re- 
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Figure 2. Interior view, show¬ 
ing NUMERIK Indicator as¬ 
sembly detached. The eight 
spare indicator lomps can be 
seen behind the panel to the 
left of the NUMERIK assembly. 


placement cun be accomplished in about 
one minute after a defective lamp has 
been isolated. 

Wlien a lamp fails, the entire decade 
l)ecomes inofX'rative; no lijj;ht shows. 
This fail-safe feature eliminates any 
possibility of incorrect r(‘ading. 

A Polaroid filter is us(*d in front of the' 
bank of five indicators to eliminate 
specular reflection. 

GENERAL CIRCUIT DESCRIPTION 


In order to und(‘rstand the projj;ram, 
l(‘t us assume that the time-ba.se pate 
control flip-flop is in the “1” slate and 
that th(‘ time-basc' pate is therefore open. 
The main-pate control flip-flop is in the 
“0” state, and the main pat<* is closed. 
The next pulse from the time-bas<' di- 
vidi'r circuits pas.s(*s throuph the tinu*- 
ba.se pate, complements the main-pat<‘ 
control fli])-flop to the ‘M’’ state and 
opens th(* main pale. When tin* main 
pate is open, pulses of the input-.sipnal 
fretjuency are admitted to the five rinp 
countiiip units and totaled. The next 
pul.sf* from the time-ba.s(* divider pa.ssinp 
throuph th<' time-ba.s(' paU' re.sets tlu' 
rnain-pale control flip-flop and clo.ses the 
main pate. The main pate is therefore 
op<Mi for e.xactly one period of the tiim^- 
base sipnal. 

Th(* xiTMEHiK indicators now bepin to 
di.splay th(* re.snltant count. 'Phis di.splay 
interval is determined by the di.splay- 
t ime mono.stable circuit and is adjustable 
from 0.5 to 5 .seconds. When the main- 
pate control flip-flop close's the main 
pate, it also sets the time-base' pate 
eontrol fli|vflop tei the “0” state*, closinp 


The Type 1150-.\ Dipital Frequency 
Meter counts the numl)<*r of cycles of 
the input sipnal in a time interval e.s- 
tablished by the stable 100-kc crystal 
eiscillateir. The* hloe*k diapram, Fipure 3, 
.shows the functional elements of the 
syste'in. 

1'he sipnal from the lOO-kc crystal 
ose'illateir (or fre)m an external I()()-kc 
fre(|uency-standard) is converted to a 
pul.se train t^) drive a se'ries e)f precisie)n 
fre».quency divielers utilizinp unijune-tion 
Iran.sistora. The eaitput e)f this elivider 
chain con.si.sts of pulse^s with periods of 
0.1, I, and 10 seM*onels. The\se ))ul.s(vs 
establish the precision pate interA-al. 
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llio mi tiuit no mf)n* linio- 

l»ast» |)ul.s(^s ran pass to tin* nmin-t^utr 
<*onlrol fliiHflop until tho tiisplay-tiino 
inonostal)ir circuit issues its output 
pulse operatiiiti; the I'cset circuit, 'fho 
res<*t circuit .sets the riu)^ counting 
circuits to W'ro, and the end of the zchk 
sitting pulse will .set the tiim'-hase gate 
control ni|)-flop to The pmeess 

then n'peats. 

.\n infinite display time can Im* oIh 
tained if the output of th(» display-time 
inonostahle circuit is opened so that no 
reset t)ul.se is prmlueed. A switch at one 
(Mid of the time-interval adjustment 
range performs this operation and makes 
po.ssihle indefiniti* display of the nvsults 
of a single meiisunMiient initiateil wImmi 
the manual nsstu Imtton is pn*s.sed. 

Provision is also made for manual 
r*ontrol of the counting time. When 
tin* counting-time .switch (Figure* 3) is 
set to a fourth po.sition, the main-gate 
Ilip-flop can be controlled from n push¬ 
button. The main gate is opened wIkmi 
this button is r(‘lea.st^d and cIo.s(m1 wh(*n 
th(* button is depiess(*d. With manual 
gating, one can u.sc the counter as a 
.simple totalizing in.stniment. In the 
manual position, when the main-gate 
contnd flii>-nop is set to *^0” a normal 
display and clearing cycle is initiate<l. 
A normal display time of 0..5 to 5 s4*conds 
can lie obtainiMl or the total nsiding 


can lx* n'tained indefinitely if the dis¬ 
play-time switch is .s(»t to infinity. 

Fxternal circuitry' can be used to 
control the gate interval through an 
auxiliary plug on tin* rear skirt of the 
instrument. In addition, this auxiliary 
plug also provides: (1) the carr>^ pulse* 
from the bust of the five decades; (2) 
means for applying an externally gener¬ 
ated mset pidse; (3) a positive pulse* 
corre.sponding in time to the re.set pulse; 
(4) 4-20 volts dc; and (5) ground. 

RING COUNTING UNITS 

The heart of this counter is the ring 
counting unit. .V ring counting system 
can Ik* considen*d to be a st(‘pping 
switch with ten contact positions, as 
shown in Figure* 4. A lamp is connected 




INPUT 

puilsis 

Figure 4. Elem( 


OUTPUT PULSe 
TO NEXT oeCAOC 

I counter. 


J 


i 

[ 
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Figure 5. Simplified tche> 
motic of one of the ring 
cownfing units used in the 
Type nSO A Digitol Fre¬ 
quency Meter. 



t STTa^ 


to <*ucli roiitact, iiiicl the switch rotor is 
coiiiicct(*d to a soiirc<‘ of voltage. Kaeli 
time a pul.se is ivnuved, the rotor moves 
from one contact to the next, and the 
particular lamp that is lighted indicates 
the numlter of pulses that have Ihhmi 
n'ceivfsJ. By generating an output 
pulse* each time tlu* rotor moves from 
to “0,” the ring counter functions 
as a simple decade divider and drives 
the succeeding unit at one-tenth the 
rate. 

Five ring counting unites (rcu's) are 
us<*<l in the Type lloO-A Digital Fre- 
(juency Meter. Twenty-one tran.si.'^tors 
are refpured for each d(*cade, two for 
each of the ten digits, and one more to 
“move the rotor.” Figure 5 is a siinpli- 
li(*d schematic of one of thesf* five ring 
counting units. All five are identical in 
.structure. The fii*st unit differs fnan the 
other four only in the choice of com¬ 
ponent vahie.‘5 for host high-frcfjuency 
operation. Each unit consists of a ring 
of ten bistable circuits, each of which 
luLs one “high-i*urrent” transistor that 
drives its asscjciated incande.scent lamp 
in the .\r.MERiK indicator for that decade. 

Ueferring to Figure 5, let us a.ssume 
that the decade has lieen set to its 
zero state. (^-101 will be off and Q-102 
os. 1^-102 has its bas<* forward-<lrive 


current provideil through Jind is 

in saturation, pa.s.sing 80 milliampcres 
to light the “0” lamp in the indicator. 
This SO milliam|X‘r(*s produces a voltage 
of —5.5 volts acro.ss U-lOl. The ba.si* of 
(^-101 is retunieil via R-102, to th(» .sf't 
zero buss voltage of about —5.0 volt.s. 
'rhe ba.se of (J-lOl i.s, therefore, revere* 
biased with respect to the emitter, and 
(J-101 remains off. The circuit is stable 
in this state. 

.\11 other pairs in the ring have the 
op|H)site stable state. Ijcft-hand tran¬ 
sistors, (i-103, etc., are all saturated, 
and the nght-hand tmn.si.stors, Q-IBI, 
(*tc., arc* OFF. 3'he.se are also stable 
states. f,ook at (^-103, for example. 
\Vh(*n it i.s o.n, nc'arly 1 milliam|M*re of 
base forward drive flows tlirough H-105, 
wliich is connect(*d to the clear buss 
fat the .same |K)t<*ntiaI as the .set zc*ro 
bu.ss). The drop across the fi8-ohm 
rc'.sistor H-104 in the common emitter 
circuit is but 0.07 volt, and practically 
tlie full 20-volt collector supply voltage 
ap|K*ars across B-IOti. The very small 
emitter-to-collector drop of (^-103 i.s 
nonnally lx*low the conduct ion-kncM* 
voltage of (2-104 and keeps it off. 
Complete cutoff of (2-104, even at ele¬ 
vated temperatures and for all po.ssible 
transistor combinations, is insured by 
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<lu‘ silicon (licnlc (C‘H-l())i in series Nvith 
the emitter of (J-104). 

Tli(‘ input signal advtinces the stale of 
the decade by one sta^e ]}er pulse. A 
negative puls<* is lirsi applied to thf* hivse 
of the advance driver (^-121, turning it 
OFF. The lamp driver, Q-102, lost*.s l>as(‘ 
forward drive and goes off. 'Flu' com- 
moiM'initter voltage change.s from —5.5 
to zero, and (^-11)1 goes oN. T1 k‘ po.sitive 
pulse produced at the common emitter 
is fetl through C-lOl, turning (^-103 off 
and t^-lOl, the *T” lamp driver, on. 
lOach succ(*eding pulse applied to (2-121 
u<lvanccs the count by oik* digit. At tlu' 
count of ten the circuit is switched to 
the initial condition.s, and the negative 
pulse, as the “tF' lamp extinguishes, is 
fed from th(' Her as a carry pulse to the 
advance driver of the succeeding ucu. 

In the .Himplilied .schematic of Figure 5 
the zen.»-.set system is depicted as a 
manual switch for simplicity. Opening 
this switch obviously returns the ch‘ar 
buss to —20 volts, cau.sing all left-hand 
transistors of the bistable circuits to 
saturate, and turning the lamp drivers 
for lamps “1” through “0” off. (2-101. 
(»n the other hand, loses its forward bias, 
desaturates, and permits (2-102 to go 
ON, thereby turning tlie “0’^ lamp o.N. 
A fast tran.sistor .suitch is actually used 
in the Typf 115()-A Digital Freiiuency 
Mete r t<i accomplish zero setting for all 
live uei ’s. 

TIME BASE 

The elementary" circtiit for the lOO-kc 
crystal oscillator is .shown in Figure (i. 
It usc?s two transistors, an npn and a 
pup, in a modified Pierce circuit. All the 
open-loot) gain (dO db) of this transistor 
pair is u.si'd as neg.ative feedback, d'hus, 
the circuit gain is very .stable with re- 
.specl to variations in tempe*ratun‘, 
voltage, and tran.sistor parameters, re- 



Figure 6. Elementary schematic of 
crystal time-base oscillator. 


suiting in excellent oscillator-fre(|ucncy 
stability. d'h(‘ temperature control for 
the crystal opeuates as Kaig as the power 
line i.s connected, whether or not the 
panel power switch is on. 

APPLICATIONS 

The basic counter has many fre- 
(luency-measurement applications. It 
can be u.s<‘d to calibrate, and to adjust 
the calibration of, any" .signal .sourc<* 
lying in the fref|uency range from a few 
c.vcK's p(‘r .s(H‘ond to a maximum count¬ 
ing freijuency of 220 kc. .V few of its 
more important applications an*: the 
calibration and setting of oscillators ami 
signal generators, the monitoring of fre¬ 
quencies to 220 kc, and measurem(‘nts on 
precision filters and other frequency"- 
s<*l(*ctive devices, where high resolution 
is needed for accurate fr(‘quency .setting. 

Other physical measurements ofTer a 
wid(* range of u.ses, including the meas¬ 
urement of rotational spei'd (with a 
l)hotoelectric or magnetic pickup),^ and, 
with ai)propriate transducers, pre.ssure. 
t(*mperature, strain, and weight. 

With an appropriate transducer, 
photoelectric or otherwi.se, the* counting 
of objects on production lines, of par¬ 
ticles in licjuids, and of .similar events 
tlmt may* not be periodic will form an- 

nhot<>rli*ofric* piekiilT rlfvico ijt now in the final .staire^i 
of tlwiim at (Jeneral Hudio uini will 8o«jn be uvuiiuble for 
(IM? with the basir roitnter and with our atroboscofar 
etniipment line. Thii^ unit h eoniph'toly aelf-eonlHine.l 
liirl.t liMurce and photwleclrie cell, which will be lowered 
by the counter or the f«troboBc«jpe and which will fcc*.l it« 
output ^itinal back U> the (Huinter or the fttrohnwcopc for 
toeasureuient. A three-connector jack is pn)vid«*<l in the 
rear of the roonter to accept this new photoelivtric 
piekolT. 
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Other jji’oup of important applieations. 
Tlio simplicity of operation, the accuracy 
and tlic ndiahility of this counter are 
determining factors in its acceptability 
in many of these' applications. 

— K. \V. Fha.nk 
— .1. K. Skilling 
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SPECIFICATIONS 


Frequency Range: 10 eps to 220 ke. 

Input Impedonce: .\C*-i*oupled approximately O.a 
megohm shiinttHl by less than 100 pf. 

Sentifivity: Ih'lter than I volt, pejik-lo-peak; 
for pulse input, duty ratio should Ik* betwmi 
0.2 and 0.8. 

Display: In-line register, incandescent«lamp* 
op«’ralet|. 

Display Time: .\(|justable from 0.5 to o seconds, 
ap|>ro\imateIy, or oo. 

Counting Interval: 0.1, I, 10 seconds, or can be 
set mamially. 

Accwrocyt zt 1 count db rr>’stul ost'illator 
stability. 

Cryetol-Ofcillator Stability 

Short-Term Stobility: Bolter tliau part per 
million. 

Cycling: Ia^s-s than counter resolution. 


Temperature: parts |M‘r million for 0 to 

50°(' ambient. 

Warm-up: Within I part |)er million after 
15 miniitcK. 

Aging: than I p.arl f)er million per 

wc*c?k after 4 wifks; d<rre:ising thereafter. 
Crystal Frequency Adjustment: The frerpiency is 
within 10 parts per million when rweived. 
Frequency juljustmeni provided. 

Power Input: 105 to 125 (or 210 to 250) volts, 
50 to (>0 cp.«, 45 wattF. 

Accessories Supplied: Tyti: C.\P-22 3-Wire 
Power f’ord; spare hws; 8 repbteement indi¬ 
cator lanijis. 

Dimensions: Ikaich model, width 10, lieight 
3Tlt. denth 12 *“2 inches (185 by IH.l by 320 mm), 
over-all; rack motitit, panel, 10 by 3*^2 inches 
(485 by 00 nuni; depth, 12^4 inches (325 mm). 
Net Weight: 17}^ {luunds (8 kg), approximately. 




('oih’ Wont 1 

Price 

1150.AM 

Digital Frequency Meter, Bench Mount 

OKIKIl 1 

$915.00 

1150.AR 

Digital Frequency Meter, Rack Mount ' 

nrcCH 

915.00 




C»Ucn* Luplind For. 


NEW 3-WIRE POWER CORD 


I'ho I'VI-K CAP-22 Powor Cord 
(Ikwirc) i.snow supplied with all flcncral 
K.adiu iustrumciits that u.sc a detachable 
power cord, ri'placing tht* Typk CWP-lo 
btrmcrly stipplit'd. This new design has 



Type CAP-22 
Power Cord. 


a hammerhead connector at its |M>wrr- 
line end. with hotli male and female 
eonneetors, thus p<*rmittiiig two or more 
eords to he attaehed iu parallel. Two 
No. 18 conductors arc used. The cov(*r- 
ing is rubber, and tin* eonneetor hodic's 
are molded integrally with the cord. 
'Phis power cord is al.'io available sepa¬ 
rately. as listt'd Im*1ow. Its length is 7 
fot't, and it is rat ('ll at 250 volts, 7 
amperes. 


Tm 

1 

1 Cofle Wont j 

Price 

CAP-22 

1 Power Cord 

1 TRl'Co 1 

$2.25 
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GENERAL RADIO EXPERIMENTER 


THE NUMERIK INDICATOR 


Si'loriiun of tlu* best availuhlr roadoiit 
iiidit*atnr has Ikk'D an iinixirtaiit part of 
lh(* devrIopiiMMit t)f new in-liiu*-pn»s4*ii“ 
tat ion instruinoiits like the onn desmlx^d 
ill this issue. 

Ill the inajorily of K*'t‘cral-purpose 
applications, and particularly in tnin> 
sistor circuits, the ii.sc of incaiide^seent 
lamp illiiniination is i».s|HM*ially suit- 
al)le. Transistoi*s ofM'raU* typically al low 
voltages, and im^andcseent lamps adapt 
easily lo these condilions without re- 
(luiring complicattal ancillary circuitry. 
After a careful survey of available de¬ 
signs, tln' products of K.tJ.M. EUt- 
t Tonics, Richmond, Mngland, were 
judg(*d to have the U'st combination of 
these fiesirable characteristics: 

1. K.\cell(*nt pn'sentation with clear, 
brilliant readout. The white light i.s 
Ixith more pleasing to tin* eye and 
actinically nion* efficient than the 
orang(^n*<l of iichiii ilisplays. 

2. Neat, compa<‘t dt^sign. with ef¬ 
fective means of heat dissipation to 
insni*C! long lamp life. 

3. rst» of standard, readily avail¬ 
able repla<‘enienl lamps. Kepla(‘ement. 
infre<|ueiitly re(|uinMl, is c‘aMily ilone. 

p-r. 




Figur* 1. View of fhe Type IND-0300 NUMERIK 
Indicotor, with dimentiont. (Allow odditienol 
on depth, for common terminal.) 


Figure 2. Cut> 
owoy view of the 
Type INO-0300, 
showing con* 
struction. 


4. Efficient usi' of light from low- 
power lamps. 

5. Low paralla.x. All symbols ap¬ 
pear to be nearly in th<* same plaiav 

(). Wide viewing angle. 

7. Reiusonable price. 

The Typk INI) ntmkkik Indicators 
combine ten (or twelve) incandescent 
bulbs which can l>e illuminated indi¬ 
vidually and which, in turn, end-fire 
illuminate clear plastic strips, as illu.s- 
iratt'd in Figure 2. laght is iiitnahiced 
at one end of a thin, clear acrylic jilate 
and is conductx'd with little attenuation 
along reffeetive ducting to the display 
surface where it is tninslated into a 
bright display by closely spaced dots 
.scribed in tin* form of the numeral or 
.syinlK)!. A stack of ten plates is just 
over % im*h dei'p. 

Idght tran.smis.sion throtigh the acrylic 
is .so good that the bottinn symbol of the 
stack apjx'ars to have about the same 
l>rightne.ss as tin* top .symluil. 'riiiii 
sheets of reflective opa(|Ue material, 
wliich separate the paths through which 
the light to the display .surface is con¬ 
ducted, reduce cro.s.s illumination to the 
point where all .symbols (‘xcept the one 
illuminated are, for practical pur|)osc\s, 
not visible. 

Becau.se of the thin .stack and excellent 
light conductivity, the numkrik Indi- 
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Figure 3. Rear 
view of the Type 
IND-0300, show¬ 
ing terminals. 


cator has the unusually wide viewing 
angle of 120°, 

The units ai*c convenh'ntly mounted 
behind th(‘ panel with only two .seitnv.s. 

To aehieve long luinf) life, the lamps 
are mounted in a drilled, solid aluminum 
block which s(»r\’es as an (*tfici<mt heat, 
sink. Further, the .sink is joined to the 
front panel of tlie instnunont by large- 
cro.ss-scct ion aluminum side blocks. This 
configuration leads to cool operation and 
to lamp life averaging 5,0(X) hours under 
switching conditions. 

Lamps are readily replaced. The re¬ 
moval of two screws at the back of the 


Indicator free.s the lamp block and 
terminal plate as a unit. 

Typical u.ses of the numkrik Indi¬ 
cator ar(‘ found in annumaators, com¬ 
puters, countei*s, digital voltmeters and 
similar inslrurne.nt.s, indicator boards for 
process control, paging systems, pro¬ 
grammers, radar, timing systems, and 
clock displays. 

Two type.s are available from stock: 
I’he Typk IX 1)-()3(M), which has ten 
numerals, z(*ro through nine; and the 
Tyi'K IXI)-1S()1, wliich has the ten 
numerals plus a comma on th<* right side 
and a decimal point centered on the left 
.side of the numerals. Additional types 
with letters and other .symbols are 
available on special order. 

The NUMERiK Indicators are manu¬ 
factured for (icneral Radio by K.O.M. 
Flectronics under an agreement that 
makes General Radio the exclu.sive di.s- 
tributor for the United States and 
Canada. 


SPECIFICATIONS 


Lamps: t-t-volt, SO-milli.amiHTo, ()..') caiiilh*- 
novverT-1^4 bulb; (I.K. or e(|tml. VVorkifig 
life ai)pr()xiinalely .")(MX) hours (switching witlj 
10% duly ratio). 

Viewing Angie: 120° horizoiiUil; ()0° vcriical. 
Symbol Heighf: '*|f, inch. 

Lamp Holder Block: S<ili(| .aliiminuin heat sink 


with nylon-lill(Hl llakelite backirjg block. 
Nickel-silver conta<*t springs and 11 silver- 
plalwl terminats (13 for Tvek IXI)-1801), one 
for ea<‘h lamp and a common ground. The 
ground connirtion is to the case of the Tyck 
tNT)-()300; it i.s inmdated from the case in the 
Type IM)-18()1. 

Mounting: Back-of-paiiel by two 4-40 screws. 


Type I .\ I )-0300 Type I N D- 1801 


Window Size: 

H Iw inch 

?'4 by M 1(5 inrhes 

Mounting: 

1 inches, ernl«»rs 

2 * 1(1 inches, centers 

Oimentions: Width 

1 inch 

1 inch 

Height 

2 inches 

2*x inches 

I])eplh 

(including terminate) 

2*2 inehc?? 

2** 1(5 inehc'.s 

Net Weight: 

4bj ounei^ 

.5 ounces 

Code Word: 

IMMK 

i.vnio 

Prices: l-lti 

$32.20 

$33.W) 

2(M1» 

ao.tu) 

32.00 


28.(>() 

30.00 

ino-2‘.M» 

27.20 

28.00 

300-‘HMi 

24.70 

20.10 

1,000-1,090 

22.00 

23.30 

5,000-0,0‘.Ml 

18.10 

10.00 

10,000-up 

Ifi.OO 

18.10 


Patent For. 
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GENERAL RADIO EXPERIMENTER 


TYPE 1610-B 

CAPACITANCE-MEASURING ASSEMBLIES 



Vi«w of Typo 

1610*B Copocitonco-Moaturing Attombly. 


This capacit.aiiccvmoasiiring systT^m is 
now e(|uipjKHl with the Typk 12l()-C 
Unit HC' Owiliator and the new Typk 
1232“A Tune<i Amplifier and Null Detee- 
tor, which r(»placc the Type 13()2-A 
().s<*illator and the Type 1231-BUFA 
Amplifier and Null IVtfH’tor usc<l in the 
Type IfiKI-A AssomhlK*s. Sensitivity is 
incre4is<Ml over that of pn^vious iiKKlels, 
and the detcvtor is continuously tunable 
from 2(1 cps to 20 kc, with two additional 
fixed points, 50 kc and 100 kc. The 
ascillator freijiiency is continuously ad¬ 
justable from 20 cps to 500 kc. The 
capacitance bridge, 'I'ypk 7UK', rcs 
mains unehanK<Ml. 

Prices for the Type U»I0-H .\ssemblit‘s 
are lower than for the Type UiUV.V, 
owing to the use <»f the hiss exjxMisive 
but more mofleni oscillator and <le- 
tcH-tor. 

Two nuKlels are available: (1) the 
Type UilO-M, which includes the Type 
710-P4 C'luard ('ircuit. and is .suitable ^ 
for both three-terminal and two-terminal 
measurements, and (2) the Type 
U»10-142, which is .suitable for two- 
terminal naiasurements only. Each is 
complete in cabinet-(y|)e nday nick, 
with (»onmvtion cabh‘s and p<»wer cord. 


Ti/pr 


Coflr Won! 

Price, 

1610-B 

Capocitance-Meosuring Attembiy ... . 

HKDAX 

$1740.00 

1610-B2 

Capacitance-Meaturing Attembly .... 

SAHKU 

1465.00 


(lest Guard Circuit) 




General Radio Company 
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